Free energy of lipid bilayer defects affected by Alzheimer's disease-associated amyloid-β42 monomers.
Experimental evidence suggests that the amyloid β-peptide (Aβ) associated with Alzheimer's disease strongly disturbs the integrity of lipid bilayers and cell membranes, as a possible origin of the toxicity of this peptide. Here, we have used molecular dynamics simulations to compute the free energy of membrane pores in the presence and absence of Aβ. The validation of our approach included the calculation of lipid flip-flop waiting times, which were found to agree well with recent experiments, in contrast with an earlier simulation study that apparently overestimated these waiting times. We find that, compared with peptide-free lipid bilayers, attached Aβ42 peptides (i) increase the order parameters of the lipid tails but (ii) decrease the effective width of the hydrophobic region, (iii) reduce the free energy and thus enlarge the density of membrane pores, and (iv) increase the lifetime of pores. A detailed understanding of the interaction of Aβ42 with lipid bilayer membranes may assist in the design of therapeutical strategies against Alzheimer's disease.